Background The Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) received five years' funding ($21 112 866) from the National Institutes of Health to compare carotid stenting to surgery for stroke prevention in 2500 randomized participants at 40 sites. Aims Herein we evaluate the change in the CREST budget from a fixed to variable-cost model and recommend strategies for the financial management of large-scale clinical trials. Methods Projections of the original grant's fixed-cost model were compared to the actual costs of the revised variable-cost model. The original grant's fixed-cost budget included salaries, fringe benefits, and other direct and indirect costs. For the variable-cost model, the costs were actual payments to the clinical sites and core centers based upon actual trial enrollment. We compared annual direct and indirect costs and per-patient cost for both the fixed and variable models. Differences between clinical site and core center expenditures were also calculated. Results Using a variable-cost budget for clinical sites, funding was extended by no-cost extension from five to eight years. Randomizing sites tripled from 34 to 109. Of the 2500 targeted sample size, 138 (5·5%) were randomized during the first five years and 1387 (55·5%) during the no-cost extension. The actual per-patient costs of the variable model were 9% ($13 845) of the projected per-patient costs ($152 992) of the fixed model. Conclusions Performance-based budgets conserve funding, promote compliance, and allow for additional sites at modest additional cost. Costs of large-scale clinical trials can thus be reduced through effective management without compromising scientific integrity.
Introduction
Large multisite randomized clinical trials are threatened by increasing costs (1, 2) and often deplete funding prior to achieving targeted enrollment (3) . Creative strategies can maximize the yield of the dollar amounts available and increase the sources of financial support for these mega-trials. An analysis of the effect of changing from one budgetary model to another can evaluate the efficient use of trial funds and serve as a knowledge base for future trial budgets (4) .
Aims
This paper reports a fee-for-performance approach to the management of a large randomized clinical trial. We describe mechanisms used to conserve funding and provide proactive financial planning to inform management of future multicenter trials.
Methods
The Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) (5,6) is a consortium of (1) the core centers (university-based administrative, statistical and data management, recruitment, and central reading laboratories), (2) the clinical sites, and (3) the trial device manufacturer [the Investigational Device Exemption (IDE) sponsor]. To evaluate the change in the CREST budget from a fixed to variable model, financial projections of the original fixed-cost model were compared to the actual costs of the revised variable-cost model based upon a per-patient fee-for-performance structure. Both models were evaluated in the context of a 5-year grant award of $21 112 866 and an approval of 40 clinical sites by the United States National Institutes of Health (NIH) to enroll 2500 patients.
Operational costs were calculated from the start date of the award until funding would have been exhausted. For the fixedcost model, costs were based upon the simulated scope of work and the projected costs contained in the grant. Site payments were calculated from the date of contract execution with each of the first 40 sites. The core centers' direct and indirect costs in the five-year award were added. Enrollment was based upon the number of patients randomized from trial initiation until grant funding would have been expended.
For the variable-cost model, the costs were payments to the clinical sites and core centers based upon the actual trial enrollment and follow-up visits. The line-items for physicians', coordinators', and technicians' salaries, mailings, and indirect costs were replaced by payments for trial visits completed and case report forms submitted. Site subcontract budgets included payments linked to the importance of the visit: $1500 for enrollment, $450 for long clinic visits, $225 for short clinic visits, $100 for telephone contacts, and $500 for the final clinic visit. Reimbursement for enrollment visits was increased (March 2005) from $1500 to $2500 per patient when recruitment lagged. Budgets for several core centers were converted to fee-for-service for consultants or per-test reading payments, and the number of core centers was reduced. Nonessential study visits were eliminated.
We compared annual direct and indirect costs and a per-patient cost for both the fixed and variable models. For awarded dollars, we compared the maximum years of operation, the number of sites activated annually, the number of patients randomized, and the maximum months of patient follow-up that would be supported by each of the models. Differences between clinical site and core center expenditures were also calculated.
We determined the costs supported by industry for monitoring, regulatory personnel, regulatory travel, and regulatory consultants. The costs funded by the primary academic grant holder [University of Medicine and Dentistry of New Jersey (UMDNJ)-New Jersey Medical School] for previously unbudgeted contractual and legal consultant costs were assessed as well.
Results
A comparison of fixed-and variable-cost models is shown in Table 1 . For the fixed-cost model, the NIH National Institute of Neurological Disorders and Stroke (NINDS) award of $21 112 866 would have been expended in 5·2 years. The 40 clinical sites would have randomized 138 participants with a mean follow-up of 9·5 months at a per-patient cost of $152 992. The variable-cost model used in CREST resulted in 8·0 rather than 5·2 years of trial activity with 109 clinical sites (nearly three times more) activated to randomize 1525 participants (1387 more) with a mean follow-up of 16·9 months (7·4 months longer) at a $13 845 per-patient cost (9% of the fixed model cost). Expenditures for both models were similar in the total amount spent on the centralized core centers as opposed to the clinical sites, 72·8% versus 27·2% for the fixed model, and 71·6% versus 28·4% for the variable model.
Because activity was matched to funding in the variable-cost model budget, the NINDS-funding period could be lengthened by a no-cost extension from five to eight years ( Table 2) . During this three-year period, activation of study sites increased from 52 to 98, randomizing sites tripled (34 to 109), and 9528 follow-up visits occurred. Of the targeted sample size, 138 (5·5%) were randomized during the first five years and 1387 (55·5%) during the no-cost extension years contributing to completion of enrollment in 2008 (7) and publication of results in 2010 (6) .
The and reduced indirect costs from 25% to 5% for disbursements provided by the device manufacturer.
Discussion
In CREST, changing from a fixed-cost to a variable-cost model allowed extension of the project period by three years, tripling of the number of clinical sites, and marked acceleration of patient enrollment. The fee-for-performance principle was accomplished through reimbursement for completed clinical research forms (CRFs) resulting from actual patient visits and evaluations. CRF reimbursement rewarded centers during times of activity and conserved funds during times of inactivity (e.g. when recruitment was temporarily stopped for regulatory review of a device modification (8)). Per-case payments linked to the number of cases needed to reach target enrollment allowed for the activation of a substantially larger number of clinical sites without increasing the amount spent from the award. This expansion of sites accelerated enrollment at a significantly lower per-patient cost, and the lower per-patient cost provided three additional productive years of training, site activation, enrollment, and patient follow-up (Table 1 ). By the end of 2006, enrollment and site activation were sufficient to convince NINDS-peer reviewers to approve continued funding from 2007 through 2011.
Financial management and budgeting cannot be the sole explanations for the success or failure of a large complex multicenter clinical trial. For CREST, the costs to maintain the regulatory training and oversight required by the IDE were not covered by the grant. The device manufacturer (Abbott Vascular) contributed $5 469 097; direct costs of site monitoring alone were $2 780 920, or $1115 per patient. The academic grant holder provided $313 200 and reduced indirect charges from 25% to 5% for payments from the device manufacturer.
Conclusions
Applying business methods and practices to clinical trial management can improve efficiencies. Performance-based budgets that reimburse sites for data submitted conserve funding during slow recruitment, promote visit and data compliance, and allow for site expansion at a modest cost. Additional support from industry for unbudgeted resources enhances productivity. Costs of large-scale clinical trials can thus be reduced through effective management without compromising scientific integrity.
